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The spectroscopy and A state dynamics of the NelBr van der Waals complex
William R. Simpson and Thomas A. Stephenson a )
Departmento!Chemistry, Swarthmore Col/ege, Swarthmore, Pennsylvania 19081

(Received 20 September 1988; accepted 22 November 1988)
The A 3ll l ..... X I~+ laser-induced fluorescence excitation spectrum of the NelBr van der Waals
complex is reported and analyzed to extract information regarding the structure and
vibrational predissociation dynamics of the complex. While no definitive geometric
information regarding NeIBr is obtained, our data indicate that a linear-geometry is at least
plausible. The vibrational predissociation lifetimes are a strong function of A state vibrational
level and range from 2.6 to 23 ps. The variation in lifetime with vibrational level is consistent
with the results of previous measurements on rare gas-halogen complexes, particularly NeBr 2.

I. INTRODUCTION

Investigations of the structure and dynamics of van der
Waals complexes have provided valuable insights into long
range potential interactions, I intramolecular dynamics, I
and scattering phenomena from initial constrained geometries. 2,3 Of the experimental studies of van der Waals molecules in excited electronic states, the most extensive have
been those concerned with complexes composed of rare gas
atoms and the diatomic halogens 12,4-12 Br2,13-16 and
C1 2. 17-24 These experiments have focused on measurments of
the binding energy, structure, and vibrational predissociation dynamics of the complexes in the X I~g+ and B 3ll o-:;
electronic states. The analogous heteronuc1ear interhalogen
systems have received little attention to date, however.
Klemperer and co-workers measured the electric resonance
spectra of the ArCIF25 and KrCIF26 complexes and found
that they are nearly linear. This result has proved to be at
variance with geometric studies of the rare gas complexes of
the homonuc1ear halogens, all of which assume aT-shaped
geometry. Lester and co-workers have examined in great
detail the structure and vibrational predissociation dynamics of the Ne1CF7-31 and HelCp,27,32,33 complexes upon excitation to the A 311 1 and B 3ll o+ electronic states. Like the
homonuc1ear halogen complexes, HelCI is found to be nearly T -shaped in the X and B electronic states. 33 These workers
also find that a nonlinear geometry is consistent with the ICI
product rotational distributions that result from vibrational
predissociation of HelCI and that these distributions reflect
the anisotropy of the He/ICI potential energy surface. 3
Their data do not reveal a definitive structure for the NelCI
complex.
The interhalogen iodine monobromide, IBr, is an attractive species for use in studies of rare gas-interhalogen van
der Waals complexes for several reasons. IBr has a molecular dipole moment that is nearly the same as that of CIF, but
is much more polarizable, presenting some opportunity to
explore the rationale for the anomalous structures of the van
der Waals complexes containing CIF. The rare gas-1 2 and
rare gas-Br2 complexes are among the best characterized;
comparison with these data should provide new insights into
a)
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the importance of the electronic and vibrational properties
of the uncomplexed molecule on the vibrational predissociation dynamics of van der Waals complexes. Finally, as first
documented by Brown34 and examined in great detail by
Selin and Soderborg,35-37 IBr has rich visible and near-infrared electronic spectroscopy. Excitation to three different
adiabatic electronic states [A 3ll l , B 3ll o+, andB'(O+)] is
possible using commercial YAG pumped dye lasers. Our
new findings with respect to the B ..... X 38 and A ..... X 39 laserinduced fluorescence excitation spectra of uncomplexed, jetcooled IBr will be presented elsewhere along with a discussion of our inability to observe rare gas-IBr complexes
associated with the B electronic state. In this paper, we report the results of our study of the A 3ll l ..... X I~+ spectroscopy and A state predissociation dynamics of the NeIBr van
der Waals complex.
II. EXPERIMENTAL

NelBr van der Waals complexes are formed in the supersonic free jet expansion of a mixture of IBr vapor with
helium and neon. The expansion source is a pulsed solenoid
valve (General Valve) with an orifice diameter of 150 J.tm.
Our vacuum chamber is a welded stainless steel six way
"cross" with a volume of ::::: 13 t' and is evacuated by a 6 in.
diffusion pump (CVC Goldline) equipped with a high vacuum valve and freon cooled baffle. The diffusion pump foreline contains a removeable, liquid nitrogen cooled glass trap
to prevent corrosive halogen vapors from condensing in the
mechanical forepump (Sargent-Welch 1397).
Excitation of the A ..... X transition in the IBr and NeIBr
was accomplished using a commercial Nd3+ -YAG pumped
dye laser system (Quantel YG580-30ITDL-50) operating
at 30 Hz. The excitation wavelength range of interest, 710735 nm, is generated using LD 700 laser dye (Exciton). On
the basis of spectral simulations, we estimate the excitation
bandwidth (dye laser bandwidth plus Doppler broadening)
to be 0.11 cm - I FWHM. The dye laser wavelength drive
was calibrated by recording Ne optogalvanic signals derived
from an Fe/Ne hollow cathode lamp (Hamamatsu). The
laser beam was mildly focused with aIm focal length lens to
a spot::::: 1 mm in diameter at the center of the chamber. In all
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experiments the laser intersected the free jet expansion at a
right angle 20 nozzle diameters downstream from the expansion source. The wavelength drive of dye laser was controlled using a PC-AT compatible computer (PC's Limited
286-8) using the RS-232 interface supplied by the laser manufacturer.
Fluorescence was detected perpendicular to both the
central axis of the free jet expansion and the propagation axis
oflaser. Light was collected using a duallens,f/1.18 optical
system with an overall magnification of - 1.0. A red pass
colored glass filter (Schott RG-780) was inserted in front of
the photomultiplier (Thorn/EMI 9816B) to minimize the
effects of scattered excitation laser light. The fluorescence
photomultiplier output was routed to a preamplifier
(EG&G Ortec 9305) and then to the input of a gated integrator (Stanford Research Systems SR250). To correct the
fluorescence intensities for shot-to-shot variation in the laser
energy, a fraction of the excitation beam was picked off with
a glass microscope slide and was detected by a second photomultiplier (Hammamatsu R446) after passing through appropriate neutral density filters and a diffuser plate. The output of this photomultiplier was fed into a second gated
integrator (Evans Associates 4130A). The output of both
integrators was digitized with A/D converters (Stanford
Research Systems SR245 Computer Interface Module); the
resulting data was transferred to the laboratory computer
for real time signal averaging, laser energy normalization
and graphics output.
We were able to detect the fluorescence excitation features associated with the NeIBr complex using a wide range
of NeIHe carrier gas mixtures and expansion pressures. One
serious complication became apparent very early in our
work. The bandshift between the excitation features ofIBr is
nearly identical to the I 79 Br-I 8I Br isotope shift for many of
the vibronic transitions of interest. Thus, for a given value of
v' the excitation features for the Ne l I 81 Br complex and the
I 79Br uncomplexed molecule lie at very nearly the same frequency, while the Ne2181 Br and Ne l I 79Br features are also
overlapped. To carry out a clean study of the NeIBr complex, we were forced, therefore, to examine only the NeI 79Br
complex and to operate the expansion under conditions such
that the Ne2IBr complexes were not formed in detectable
quantities. Our choice of a 3% Ne, 97% He carrier gas mixture and a total backing pressure of 350 psig represents the
optimal conditions for the formation ofNeIBr without interference from Ne2IBr. Except as noted, all spectra reported
here were recorded using these conditions. Commercial
samples ofIBr (Aldrich), neon (Airco, "first run" grade)
and helium (MG Industries) were used without modification. Our IBr sample cylinder was held at room temperature.

III. RESULTS
In Fig. 1, we show theA ..... X laser-induced fluorescence
excitation spectrum of IBr in the vicinity of the (14,0) vibronie transition using 100% helium and 5% neon/95%
helium carrier gas mixtures. [We use the standard (v',v")
notation throughout to denote the various vibronic transitions.] Features due to the NeIBr and Ne2IBr van der Waals

complex are clearly visible inFig. 1 (b). The shift of the excitation features due to both complexes to higher frequencies
indicates that the complex is less strongly bound in the excited electronic state than in the ground state, a universal feature of the halogen and interhalogen/rare gas complexes
studied to date. 4.lo. IJ ,J3,14.17,18,23,27 In Fig. 2, the NeIBr-toIBr bandshifts are displayed as a function of v', with the also
common result that the band shift increases with v'; the immediate conclusion is that the binding energy of the rare gas
atom decreases with increasing vibrational excitation in the
excited electronic state. For a particular value of v', we find
that the excitation shift of Ne2IBr from NeIBr is nearly the
same as the shift of NeIBr from uncomplexed IBr. For the
(14,0) transitions, these values are 5.9 and 5.8 cm - I, respectively. Thus, as in all other rare gas/halogen or interhalogen
systems, the now common "band shift rule" is apparently
obeyed in the Ne/IBr system for small numbers of attached
neon atoms.
In Fig. 3, we show the laser-induced fluorescence excitation spectra of the (13,0) transition of I 79Br along with our
spectral simulation ofthis contour. By comparing the simulated and experimental spectra, we conclude that the excitation bandwidth is 0.11 cm - 1 FWHM and that the IBr rotational temperature is 0.9 K. The detailed line shape of the
(13,0) NeIBr excitation feature is displayed in Fig. 4(a).
This feature, as with all other NeIBr transitions observed, is
nearly symmetric and devoid of any recognizeable rotational
structure. It is also the narrowest NeIBr feature observed.
[We have also recorded the (12,0) NeIBr excitation feature
and find that, within our experimental uncertainty, it is identical to that for (13,0). We base much of our discussion
below on the latter because of its superior signal-to-noise
ratio. We are unable to observe transitions with smaller values of v' because of decreasing IBr Franck-Condon factors
and the limited near-infrared sensitivity of our photodetector]. In all we have recorded excitation spectra associated
with the v' = 12-15 and 17-19 states of NeI7~r. [The
(16,0) NeI 79Br transition is obscured by the (21,1) "hot
band" transition in I 79Br.]
We have carried out a series of simulations ofthe rotational contour expected for NeIBr for a variety of assumed
geometries, using the (13,0) experimental spectrum as the
point of comparison. In these spectral simulations we have
adoped the I-Br bond lengths appropriate for the uncomplexed molecule while varying the angle formed between the
axis connecting the neon atom with the center-of-mass ofIBr
and IBr molecular axis (0) and the radial distance between
the neon atom and the IBrcenter-of-mass (R) (see Fig. 5).
While we have sampled a large range of values of Rand 0, we
will concentrate our discussion here on four geometries that,
based on previous investigations, seem most probable. The
structure for only three rare gas-interhalogen van der Waals
molecules have been determined to date. ArCIF25 and
KrCIF26 are found to have nearly linear structures
(0 = 11.1° and 10.1·, respectively) with Clthe central atom
while HeICJ33 exists as a bent molecule, with 0 = 90·. All of
the rare gas-homonuclear halogen van der Waals molecules
examined
to
date
have
T -shaped
geometries
(0 = 90.5 • 13,15,18,19,23); the presumed rationale for the latter
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FIG. 1. A-X laser-induced fluorescence
excitation spectra of IBr. (a) 100% helium carrier gas, 300 psig. (b) 5% neon/
95% helium carrier gas; 300 psig.
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observations is the optimization of the atom-atom pairwise
interactions. This latter consideration suggests that the
NeIBr complex, ifit exists as a bent molecule, should have a
"close-packed" structure with a value of () that reflects the
differences between the iodine and bromine van der Waals
radii. A simple geometrical calculation suggests that, using
this criterion for the structure of NeIBr, ()::::; 80·. We have,
therefore, concentrated our efforts on structures with () = o·
(the central atom is bromine), 180· (the central atom is io-

dine), 80·, and in light of the finding of Skene regarding
HeICI,33 90·. We note, however, that we have sampled several other nonlinear geometries
= 15·, 30·,60·, and 70·) and
find that the spectra resulting from these structures follow
the general trends indicated in our discussion below.
Our choice of van der Waals bond lengths was also guided by the findings of previous investigations, in this case the
structures of the NeBr215 and NeCl 219 complexes. For both
species, the Ne-X distance (X = Br, Cl) in the ground elec-

«()
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FIG. 2. IBr-to-NeIBr excitation feature
bandshifts as a function of A state vibrationallevel.
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tronic state is found to be :::::0.3 A larger than the sum of the
relevant van der Waals radii and increases only slightly upon
electronic excitation. Because of the significant increase in
the diatomic halogen bond length upon excitation, the van
der Waals bond length R is actually shorter in the B electronic state than in the ground state for both NeCl 2 and

~

19

NeBr2 • By straightforward adoption of these principles, we
estimate that, as a first approximation, the van der Waals
bond length for a nonlinear NeIBr complex is ::::: 3.7 A in the
ground electronic state and::::: 3.6 Ain the excited electronic
state. All of the simulations pertaining to nonlinear geometries displayed here have assumed these bond lengths. We
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FIG. 3. I 79Br( 13,0) excitation spectrum:
- experimental;--- simulation assuming
Trot = 0.9 K and an excitation bandwidth
of 0.11 cm - I FWHM. The rotational
constants are adopted from Refs. 35 and
40. The broad, weak feature to lower frequency is the (13,0) transition in NeI 8I Br.
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FIG. 5. Coordinates used to define NeIBr geometry.
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FIG. 4, NeIBr excitation spectra. (a) (13,0) transition: - experimental
spectum; ---simulation assuming (J = 80", Teo, = 0.2 K, in-plane transition
moment, Lorentzian width = 0.25 cm- I , (b) (18,0) transition: - experimental spectrum; --- simulation assuming same parameters as in (a) except
Lorentzian width = 0.90 cm - I.

have, however, sampled X state bond lengths ranging from
3.5 to 4.1 A and have considered changes upon excitation
that range from - 0.3 to + 0.2 A without any significant
deviations from the trends discussed below.
We find that the simulations assuming a linear geometry
for the complex are insensitive to the values of R Hand R '
(the relative positions of the Ne atom and the IBr center of
mass in the ground and excited electronic states, respectively). For the simulations presented here, we assume that the

Ne-Br ({) = 0·) and Ne-I ({) = 180·) distances are approximately the sum of the relevant van der Waals radii. In this
case,R" = 5.0AandR' = 5.5Afor{} = O·;R" = 4.6Aand
R' = 4.9 A when {} = 180·. These parameters yield spectra
that are representative of a wide range of R ' and R " values.
A remaining variable in our spectral simulations is the
choice of selection rules. The rare gas-halogen van der
Waals complex features studied to date using rotational contour analysis have all involved excitation of the B(O = 0)
state of the halogen (using Hund's case c notation) from the
o = 0 ground state. Thus the transition moment for all such
excitations lies parallel to the diatomic halogen bond and in
the molecular plane of the van der Waals complex. The selection rules for such transitions are determined simply from
the degree to which the A inertial axis of the complex lies
parallel to the bond of the diatomic halogen. For the
600 = + 1 A -X transition in IBr, however, the transition
moment is perpendicular to the IBr bond. Thus, in a nonlinear NeIBr complex the transition moment may lie in the
plane or out of the plane of the molecule (corresponding to
excitation toA ' and A " electronic states, respectively, in the
relevant Cs symmetry point group). One might in principle,
therefore, observe two excitation features for the NeIBr
complex (A ' -A " A " -A '), corresponding to excited electronic states that lie at different energies. Since in a planar
molecule the C inertial axis must lie perpendicular to the
molecular plane, the out-of-plane polarized transitions must
obey C-type selection rules, while the in-plane polarized
transition will obey A- or B-type selection rules. An additional complicating feature of the NeIBr system is that the
mass of neon is sufficient to cause a significant change in the
directions of the inertial axes (assuming a nonlinear geometry) from those trivially derived for uncomplexed IBr. Thus
for values of {} #90·, the in-plane transitions are hybrid A-,
B-type bands. As discussed below, we have considered both
in-plane and out-of-plane rotational selection rules in our
simulations involving nonlinear geometries. Clearly for a
complex with a linear geometry these considerations are
moot, as the in-plane and out-of-plane transition moments
become spatially degenerate when {} = O· or 180·,
In Fig. 6, the simulations corresponding to the four
structures described in the preceding paragraphs are dis-
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FIG. 6. Simulated NeIBr spectra; Trot = 0.9 K; assuming no homogeneous broadening. (a) 8 = 80': - in-plane transition moment; ..- out-or-plane transition moment. (b) 8 = 90': - in-plane transition moment; ..- out-or-plane transition moment. (c) 8 = 0'. (d) 8 = 180'.

played. In all cases, the excitation bandwidth (0.11 cm - 1 )
and rotational temperature (0.9 K) from our uncomplexed
IBr spectra have been assumed. For the nonlinear geometries, the spectra obtained from hybridA-, B- (in-plane transition moment) and C- (out-of-plane transition moment)
type selection rules are displayed on the same axes. A comparison with our experimental (13,0) spectrum reveals several important general findings. First, in the absence of lifetime broadening, the nonlinear geometries give rise to the
identifiable rotational structure at our level of excitation res-

olution that is not observed experimentally. Second, the
spectra derived from using C-type (out-of-plane transition
moment) selection rules are in general too broad to be a
reasonable match for the experimental spectra. Third, the
spectra derived from the linear geometries are sufficiently
narrow to suggest that lifetime broadening must playa role
in the experimental spectra, but they display a degree of
asymmetry that is not reproduced experimentally. We have
convoluted the spectra shown in Fig. 6 with Lorentzian line
shapes of various widths with the result that for all geome-
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tries we are unable to match both the striking symmetry of
the (13,0) experimental spectrum and its relatively narrow
bandwidth. To fit the experimental spectra, we have found it
necessary to relax the assumption that the rotational temperature of the complex is the same as that of uncomplexed
IBr. When we vary both the applied Lorentzian broadening
and the rotational temperature, we are able to achieve a fit as
indicated in Fig. 4 (a). The remarkable result is that for all
geometries, we find that Lorentzian widths in the range of
0.25-0.30 cm - I are;required to fit the experimental data.
(The simulated spectra displayed in Fig. 4 are those for
(J = 80·; identical fits are obtained for other values of (J). The
rotational temperature needed to achieve a fit does, however,
vary with the assumed geometry. The fit displayed in Fig.
4(a) is achieved only ifthe assumed rotational temperature
is 0.2 K. Further, we note that only hybrid A-, B-type (inplane selection rules) bands are an adequate match to the
experimental data under these conditions. With temperatures as low as 0.2 K and Lorentzian widths chosen to reproduce the FWHM of the experimental feature, we find that
rotational contours derived from type C selection rules [Fig.
7 (a)] or a blend of type C and hybrid A, B selection rules
have simply the wrong overall shape to represent the data.
Either linear geometry is found to be consistent with the data
when a rotational temperature of 0.6 K is assumed.
In our fitting procedure, we have focused on two key
aspects of the (13,0) NeIBr excitation spectrum-its symmetry and width. Considering the hybrid A-, B-type band
when (J = 80· as an example, we find that values of Trot higher than 0.2 K and applied Lorentzian widths of smaller than
0.25 cm - I reproduce the FWHM of the feature, but result in
contours that are asymmetric [Fig. 7 (b)]. For Trot> 0.2 K,
a symmetric line shape is derived only by applying a Lorentzian line shape that is so broad (typically ;;;.0.50 cm- I
FWHM) that the FWHM ofthe experimental feature is exceeded. Similar considerations apply to our simulations
which assume other nonlinear geometries or a linear geometry with Trot >0.6 K [Fig. 7(c)]. Our assignment of a
broadening of 0.25-0.30 cm - I FWHM and a rotational temperature of 0.2 K (for a nonlinear geometry; Trot = 0.6 K for
a linear geometry) represents the least extreme set of parameters required to match both the symmetry and width of the
NeIBr feature. An equally good fit is achieved by assuming a
lower rotational temperature and larger degree of lifetime
broadening.
We have adjusted the Lorentzian widths added to our
simulations to match the breadth of the NeIBr features with
Vi # 13 using as a starting point our best fit simulation to the
(13,0) transition. (We have examined the effect of the variation of the I-Br equilibrium bond length with A state vibrationallevel on our simulations; the results described here are
insensitive to such changes.) The result of this procedure is
shown in Fig. 4(b) for the NeIBr (18,0) transition. In Fig. 8
and Table I, we present the results of our vibrational predissociation lifetime calculations, where the lifetimes (7) have
been calculated using the relation,41

Wis the applied Lorentzian broadening (FWHM) in wave
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FIG. 7. Examples of geometric models deviating from the experimental
spectra (see the text). - NelBr (13,0) experimental spectrum; --- simulations assuming: (a) 0 = 80", Teo. = 0.2 K, C-type (out-of-plane transition
moment) selection rules, Lorentzian width = 0.10 em - I; (b) 0 = 80',
Teo. = 0.4 K, A, B-type (in-plane transition moment) selection rules, Lorentzian width = 0.10 em-I; (c) 0= 180", Teo. =0.9 K, Lorentzian
width = 0.20 em-I.
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numbers and c is the speed of light. The experimental uncertainties indicated in Table I are simply estimates of the range
of broadening parameters that provide adequate fits to the
experimental data. In each case the calculated lifetime represents an upper limit since a smaller assumed rotational temperature results in a greater degree of lifetime broadening. A
lower limit for each lifetime can be calculated by assigning
the entire width of each excitation feature to lifetime broadening. The results of these calculations are also shown in
Table I.

IV. DISCUSSION
While we are unable to make any unambiguous statements concerning the geometry of the NelBr complex, our
simulations indicate that a linear geometry is at least plausible. As noted earlier, the observation of only one excitation
feature is counter to our expectations for a complex with a
nonlinear geometry. In this case, one should observe both
A I-A and A" -A transitions. The energy difference expected between the A and A" excited electronic states
I

I

I

is highly uncertain, however. Calculations42 and experiments43 carried out on the ArNOen 1/2 ) system indicate
that the difference in energy between the states with the partially filled NO 1r orbital oriented in-plane and out-of-plane
of the van der Waals complex is :::;;3 cm- I • In diatomic van
derWaals complexes composed ofL = 1 (i.e.,Pstate) metal
and rare gas atoms, the difference in energy between the
resulting l: and n molecular states (differing by the orientation of the metallic p orbital with respect to the molecular
axis) is often hundreds of cm - 1.44 We observe no unidentified excitation features within ± 20 cm - I of those already
assigned to NeIBr. While the experimental and theoretical
literature on this subject is sketchy, our general assumption
is that the energy separation between the A and A " electronic states in NelBr will be more like that observed in
ArNO than in the metallic systems. The absence of a C-type
selection rule, out-of-plane polarized rotational contour suggests that no formal distinction exists between the in-plane
and out-of-plane polarized transitions, i.e., the molecule assumes a linear configuration. Alternative interpretations
I

TABLE I. NeIBr vibrational predissociation lifetimes.
Upper limit calculation

Lower limit calculation

v'

Linewidth (liO"

Lifetime (ps)

Linewidth (max.)"

Lifetime (ps)

12
13
14
IS
17
18
19

0.23 ± 0.05
0.27 ± 0.05
0.47 ±0.05
0.52 ± 0.05
0.62 ± 0.05
0.90 ± 0.05
2.05 ±0.4

23 ± 7
20±4
11 ±2
10± 1
8.6±0.7
5.9 ± 0.4
2.6±0.6

0.38 ±0.05
0.43 ±0.05
0.56 ±0.05
0.62±0.05
0.74 ± 0.05
l.OO± 0.05
2.01 ± 0.4

14±2
12±2
9.5 ± 1.0
8.6 ±0.8
7.2 ± 0.5
5.3 ± 0.3
2.6 ± 0.6

"Wave number units (em-I), FWHM.
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that cannot be discarded at this time are that only one excitation feature is observed because of differences in either (1)
electronic transition moments between the A -A and
A " +- A excitation transitions or (2) predissociation dynamics on the electronically excited A and A " molecular potential energy surfaces. Conventional wisdom regarding rare
gas-halogen van der Waals molecules is that the rare gas
atom contributes only a small perturbation to the electronic
structure of the halogen component. If option (1) is to be
accepted, then this critical assumption must be reevaluated.
Unfortunately, our data shed no light on the possibility that
the dynamics on the excited A and A "surfacesaresufficiently different to make NeIBr in the excited A " electronic state
unobservable by conventional fluorescence excitation spectroscopy.
Contradicting these considerations is our finding that
the Ne/IBr system obeys a normal band shift rule. This result suggests that there are at least two approximately equivalent binding sites for Ne with IBr. While it is trivial to find
such sites for a nonlinear atomic configuration, it is not clear
that such sites exist for a linear geometry. We also note that
the magnitude of the blue shift of the excitation features of
the complex relative to those of uncompIexed IBr mimics the
behavior of rare gas-halogen complexes known to assume Tshaped geometries. 4,lO,II,I3,14,17,18,23,24 Variations in the band
shift with vibrational excitation similar to those observed
here also occur in virtually all of the documented T-shaped
rare gas-halogen complexes,
The vibrational predissociation dynamics of NeIBr folIowa pattern in accord with the "momentum gap,,45 or "energy gap ..46 laws, i.e" the lifetime of the excited complex
decreases as the vibrational spacing in the uncomplexed
molecule decreases, This decrease in lifetime is particularly
dramatic in NeIBr as the lifetime changes by a factor of
almost 10 as the spacing between adjacent vibrational levels
varies from 97 cm- I [E(v' = 12) - E(v' = 11)] to 73
cm- I [E(v' = 19) - E(v' = 18)]. In theB 3no;; state of the
NeBr2 vibrational predissociation lifetimes vary in approximately the same fashion for a range of vibrational levels
(v' = 19-26) with spacings similar to those of v' = 12-19 in
the A state of IBr.14 In the case of NeBr2' the dramatic decrease in the lifetime is ascribed to an approach to resonance
between the binding energy of the complex and the energy
available in the av = - 1 relaxation channel in Br2,, 4 We
note that the ground electronic state binding energy of
NeBr2 ( -;:::;73 cm- I ) 14 and NeI 2( -;:::;74cm- I)9 are quite close
to one another and expect that the binding energy of N eIBr
will be similar. Thus once the IBr-to-NeIBr band shift is
taken into account, we anticipate that the A state NeIBr
binding energy will be -;:::; 65 cm -1. In this case the av = - 1
relaxation channel will be energetically closed for v';;;'21. We
are unable to observe any NeIBr excitation features for
v' > 19, however, presumably because extensive homogeneous broadening makes them indistinguishable from our
baseline noise.
Our inability to observe high v' excitation features
means that we cannot comment on whether the lifetime of
the complex increases just the beyond the closure of the
av = - 1 channel. In the limit of pure V --> T energy transfer
I

I

I

I

I
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in the dissociation process, the energy and momentum gap
models predict a decrease in the predissociation rate as the
amount of energy that is deposited into relative translation
of the fragments increases, i.e., at the point that only channels with lavl > 1 are energetically open. Such threshold behavior has been observed in the vibrational state dependence
of the predissociation lifetimes in HeI212 and NeItr2 • 14 Complexes containing IBr, with its large reduced mass, should be
equally good candidates for pure V --> T transfer as angular
momentum constraints severely limit the amount of energy
that can be deposited into fragment rotation. In the analogous NeICI complexes, however, Lester and co-workers
have demonstrated the importance of rotational energy
transfer and av=/:
1 dissociation pathways for vibrational
levels where the av = - 1 channel remains open. 30,31 An
understanding of the degree to which this latter result is an
indication of a general breakdown of the V --> T models for
the anisotropic interhalogen systems will await further study
of the rare gas-IBr and other interhalogen complexes, with
an emphasis on produce quantum state distributions. The
results of our study-band shifts, rotational contours and
predissociation lifetimes-demonstrate that van der Waals
complexes containing IBr exhibit sufficient features that are
distinct from and in common with analogous halogen and
interhalogen systems to provide a subtle test of our understanding of the geometry and dynamics of these unique species.
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